In hypertensive patients with hypertrophy, carotid and brachial CSAs increased, without significant changes in between the vessels geometry and development of left ventricular (LV) hypertrophy in patients with arterial thickness/diameter ratio (arterial 'enlargement'), while the left ventricle developed 'concentric' hypertrophy. hypertension. The aim of this study is to describe arterial and LV geometry changes due to mild-to-moderArterial and LV CSAs showed a significant direct correlation with systolic blood pressure (BP). However, when ate arterial hypertension in an untreated hypertensive population. data were corrected for BP, the correlation between the increase in arterial and LV CSAs became much In 95 untreated patients with mild-to-moderate hypertension and 23 age-and sex-matched healthy normotenimproved than for the raw data. In conclusion patients with untreated mild-to-modersives, we measured the end-diastolic diameter and wall thickness of the left ventricle and the internal diameter ate hypertension, both carotid and brachial arterial walls showed an enlargement that was proportional to the and intimal-medial thickness (IMT) of carotid and brachial arteries. From these data, the cross-sectional areas development of LV hypertrophy. These results suggest that the effects of arterial hypertension on carotid, (CSAs) of arterial and myocardial walls were calculated. Hypertensive patients were further subdivided on the brachial and LV wall geometry have a common modulation. basis of the presence of LV hypertrophy defined according to Devereux et al as anatomical LV mass Ͼ125 g/m.
Introduction
mild hypertension who had never been on antiRecent progress in ultrasound imaging allows direct hypertensive drug therapy. examination of the wall of the large arteries, with
In this work, we correlated the internal diameter, a high degree of spatial resolution. A characteristic thickness and cross-sectional area (CSA) of the image made of two parallel echo-reflecting lines at carotid and brachial arteries with the mass and CSA the far wall of the vessel (the double line pattern) of the left ventricle and with arterial BP in a group has been described. 1 The distance between the two of patients with untreated and uncomplicated mildlines corresponds to that between the internal elasto-moderate hypertension. tica lamina and intimal layer and does not differ significantly from the intimal + medial thickness (IMT)
Subjects and methods
directly measured in anatomic specimens. 2 
Many studies have examined the relationship
The study population consisted of 118 subjects: 95 among IMT of the carotid artery, blood pressure (BP) hypertensive patients and 23 normotensive control levels 3-10 and the development of atherosclerotic subjects who gave their informed consent to particicarotid 8, 11, 12 or coronary alterations. [13] [14] [15] [16] [17] [18] Few data pate in the study. The hypertensive group (40 men, have been published about the relation between the 55 women, mean age ± s.d. 54.6 ± 11, 20-79 years) carotid IMT and the development of left ventricular was recruited from a large out-patient population (LV) hypertrophy in patients with arterial hypertenwho attended the arterial hypertension clinic. The sion. 19 To our knowledge, no data are known about selection criteria were the presence of untreated brachial IMT and LV hypertrophy in hypertensive mild-to-moderate essential arterial hypertension patients. Therefore, this study was aimed at (supine systolic and diastolic BP, average of three investigating the geometry of the carotid and brachout-patient visits, ranging from 140-179 and from 90-109 mm Hg, respectively 20 and the absence of any clinical and laboratory evidence of carotid and Correspondence: Dr Giuseppe Barletta, Via Medaglie d' Oro 43,  peripheral atherosclerotic complications. Twenty-59100 Prato, Italy two per cent of the hypertensive patients consist-selection criteria were: absence of signs and sympleft common carotid artery were obtained with the subject in the supine position with slight hyperexttoms of heart disease (ischaemic or valvular heart disease, cardiomyopathy), renal or connective tissue ension of the neck. End-diastolic and end-systolic diameters (minimum and maximal internal diamdiseases, presence of severe obesity and hypercholesterolaemia (serum total cholesterol Ͼ7.8 mmol/l).
eters, respectively) were measured on several cardiac cycles from repeated non-continuous recNo patient had clinical diabetes; five showed carbohydrate intolerance; patients who smoked cigarettes ordings (at least three) and averaged. End-diastolic wall thickness (defined as the were excluded. The history of hypertension in the group had a mean duration of 6 years (median = 4 intimal−medial thickness of the far wall) was also measured. The same measurements were collected years).
Control subjects, matched for age and sex (11 men, by imaging the brachial artery at the elbow of the non-dominant arm. All measurements of wall 12 women, mean age ± s.d.: 54.1 ± 8 years, range 23-75) were selected from the hospital staff and their geometry (diameter and IMT) were taken by one observer (DBR), who was completely blinded to the relatives, having been found normotensive and free from any clinical evidence of cardiac and cerebrovaclinical diagnosis of the patients. Interobserver measurement error, in fact, has been reported to be scular disease. They were non-smokers, with normal ECG. Echocardiographic and Doppler examination greater than when the same observer looks at the same images. 27 of the heart and large vessels did not demonstrate any significant abnormalities in these subjects. The reproducibility of vessel diameter and thickness measurements in this series of patients was tested in 33 consecutive subjects ( 22 LV according to the formula: hypertrophy was considered to be present if the LV anatomical mass corrected for height was у125 g/m.
arterial wall CSA (mm 2 ) = (IMT + radius mm) 2 × 3.14 − (radius mm) 2 × 3.14 A similar partition value has been used in some prospective studies on the independent prognostic value of echocardiographic-determined LV The ratio between diastolic radius and wall thickness of both carotid and brachial arteries was calcuhypertrophy that were carried out on a mixed population of men and women. [23] [24] [25] The CSA of the left lated from the end-diastolic radius and the end-diastolic IMT of the vessels. ventricle was calculated from end-diastolic radius and wall thickness (mean of interventricular septum and posterior wall end-diastolic thickness), accordArterial pressure ing to the formula: BP was measured by sphygmomanometry using a semiautomatic oscillometric method (Sirecust 888, LV CSA (mm 2 ) = (LV radius + LV thickness) 2 × 3.14 − LV radius 2 × 3.14 Siemens-Elema, Solna, Sweden). Three to five measurements were obtained, at intervals of 2-3 min, from the non-dominant arm, while the Arterial ultrasonography patient was quietly resting supine. The BP average values did not significantly differ (paired t-test) from Imaging of both carotid and brachial arteries was performed using the same machine used for the the mean of the values taken during the last three outpatient visits, so they were considered represenechocardiographic examination equipped with a high-resolution linear imaging transducer tative of the subjects' BP. (7.5 MHz). The presence of discrete atherosclerotic lesions was excluded by direct ultrasound examinStatistics ation, in order to avoid the focal dilation of the vessel that has been described in segments correspondGroup data were expressed as mean values ± s.d. The correlation of different echographic measures of ing to atherosclerotic plaques. 26 No patient with significant atherosclerotic lesions involving the carotid and brachial arteries was expressed by Pearson's correlation coefficient and by Bland and Altcarotid artery was included in the study group. Twodimensionally guided M-mode tracings of the distal man correlation coefficient between difference and average of each couple of values. 30 The comparison carotid CSA vs left ventricle CSA). Similar relationships were found considering anatomical LVMI of variables was accomplished by analysis of variance and then t-test or Bonferroni correction as indi-(brachial CSA, r = 0.393, P Ͻ 0.001; carotid CSA, r = 0.340, P Ͻ 0.001). As shown in Figure 1 , the cated. The relation between continuous variables was evaluated as first step by correlation matrix.
relationship is steeper for the carotid artery.
The matrix of correlation coefficients of linear Independence of association was assessed by stepwise multiple regression, using backward eliminregression between the geometric parameters and some potential determinants such as age, systolic, ation. Normal probability (P-P) plots of standardised residuals were used to assess robustness of diastolic and mean BP is shown in Table 3 . At stepwise multiple regression analysis, brachial, carotid adjusted predicted values. Data were analysed by SPSS statistical package for Windows 6.0 (SPSS Inc, and LV CSA appeared to be significantly related to systolic BP; carotid CSA appeared to be also related Chicago, IL, USA).
to age (Table 4) . Using carotid artery CSA values adjusted for age and body surface area and brachial
Results
artery and LV CSA values adjusted for body surface area, better correlations with a reduced scattering of The results obtained from the normotensive healthy subjects and the hypertensive population are shown individual data were found, as shown in Figure 2a , where arterial CSA and LV CSA were plotted. As in Table 2 .
Patients with arterial hypertension showed a statshown in Figure 2b , the correlation between the CSA of carotid and brachial arteries and that of the istically significant increase in carotid artery IMT and CSA, in brachial artery IMT and IMT/radius left ventricle was much improved using the adjusted data for systolic BP (for brachial CSA, r = 0.909, ratio and in LV thickness, CSA and thickness/ radius ratio. P Ͻ 0.001, standard error of estimate (s.e.e.) = 0.241; for carotid CSA, r = 0.767, P Ͻ 0.001, s.e.e. = 1.01). An increased LV mass index (у125 g/m) was found in 33 patients with hypertension (35%). They had the same age and sex distribution as the group Discussion without LV hypertrophy (t-test and 2 respectively not significant).
In this study we report on the changes occurring in the geometry of both left ventricle and carotid and The healthy subjects and patients with and without LV hypertrophy were statistically different as far brachial arteries in a group of patients with untreated and uncomplicated mild-to-moderate as BP values were concerned, with the highest systolic, diastolic and mean arterial BP values in hyperessential hypertension. Our hypertensive population consisted of relatively young, non-smoking tensive patients with a LV mass index (LVMI) Ͼ125 g/m. The three groups were also statistically subjects (mean age 54.6 years), who were carefully selected from our out-patient clinic, excluding subdifferent in LV thickness, the hypertensive patients with LVMI Ͼ125 g/m showing the greatest values of jects with clinical and laboratory data indicating carotid, peripheral and coronary atherosclerotic LV thickness.
Patients with LV hypertrophy differed from healinvolvement. More importantly, none of the patients had ever been on drug therapy, thus allowing the thy subjects and from patients without LV hypertrophy in carotid artery diameter, IMT and CSA and in study of the natural history of the early stages of arterial hypertension. brachial artery IMT and CSA.
The CSAs of brachial and carotid arteries LV hypertrophy was present in 35% of the hypertensive patients we studied and it was characterised appeared to be closely related to each other (r = 0.558; P Ͻ 0.0001) and directly and significantly by an increase in wall thickness and in thickness/radius ratio ('concentric' hypertrophy). correlated to the LV CSA (r = 0.371; P Ͻ 0.001 for brachial CSA vs LV CSA; r = 0.367; P Ͻ 0.001 for
The group of patients without increased LV mass Abbreviations: BP = blood pressure; IMT = intima + media thickness; CSA = cross-sectional area; LVMI = anatomical left ventricular mass index. Statistical analysis (ANOVA followed by Bonferroni test) is reported in the last column on the right as follows: * = significant difference (P Ͻ 0.05) between hypertensive subjects with left ventricular hypertrophy and healthy subjects; † = significant difference (P Ͻ 0.05) between hypertensive patients without left ventricular hypertrophy and hypertensive subjects with left ventricular hypertrophy; ‡ = significant difference (P Ͻ 0.05) between hypertensive patients without left ventricular hypertrophy and healthy subjects.
the heterogeneity of the hypertensive population in respect to various factors such as age, BP, sex, therapy and probably others not yet identified 10 and to the different reliability of the used techniques. No significant difference in carotid internal dimension between patients with hypertension and agematched control subjects was found by some authors, 3-5 while an increased carotid diameter was described by others.
6,10 The carotid luminal CSA was reported to be positively correlated to the LVMI, 32 while others did not find any relation between carotid artery IMT and LV thickness. 33 A significant increase in brachial internal diameter has been observed in hypertensive patients by means of pulsed Doppler, a non-imaging technique that does not allow the measurement of wall thickness. [34] [35] [36] This may depend on the difficulties in correctly measuring diameters and thickness of brachial artery. In our study lower values of repeatability showed a significant increase in wall thickness with show the limits of echographic measures of brachial a trend towards an increased thickness/radius ratio.
artery. The IMT of the carotid artery results were Therefore, they closely resembled the patients' related to BP values in some studies, 7 but not in group described by Ganau et al 31 as having 'concenothers.
8-10,33
tric remodelling'. The structural changes of the arteries were characPrevious studies on carotid artery wall geometry terised by an almost proportional increase in the in hypertension made with various methods includinternal diameter and wall thickness (intima + ing echography, pulsed Doppler and echo-tracking techniques gave conflicting results, probably due to media), without any significant changes of thickness/radius ratio (wall 'enlargement') for the Abbreviations: CSA = cross-sectional area; SBP = systolic blood
We found a significant correlation between the pressure; BSA = body surface area.
CSAs of brachial and carotid arteries and the LV CSA. This correlation became better when data Duration of hypertension is a subtle parameter to
